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SUMMARY 

In an investigation aimed toward fmproving the combustion efficien- 
cy of turbojet  combustors a t  high al t i tudes and high slr-flow rates,  an 
experimental  tubular conibustor was developeathat provides fo r  prevapor- 
izing and premixing of the fuel with E part of the air before its intro- 
duction  into  the cardbustion zone. Combustion efficiency and t o t a l -  
pressure  loss  data  are  presented for three  configurations  selected from 
a t o t a l  of  43 different  modifications  investigated. The data were ob- 
tained for a range of  fue l -a i r   ra t ios  at inlet-air conditione  simulating 
operation of  E 5.2-pressure-ratio  engine a t  a flight Mach number of 0.6 
and at al t i tudes of 56,000 and 76,000 feet .  

The best  modification developed incorporates (1) a swirl generator 
f o r  mixing the   fue l  and a portion of the air entering  the combustor, and 
(2)  gradual  admission of additional air in to   the  combustion zone. Maxi- 
mum combustion eff ic iencies   s l ight ly  greater than 90 percent were  ob- 
tained w i t h  the  best  configuration a t  a l l  combustor-inlet  conditions 
tested.  Use of gaseous fuel (propane) did not generally  increase com- 
bustion  efficiencies over those  obtained with liquid fuel, indicating 
that factors  other  than  vaporization rate were limiting maximum cmbus- 
t ion  efficiencies  obtainable w i t h  this conibustor. 

Combustion efficiencies  obtained w i t h  the best e-erimental canibus- 
tor w e r e  appreciably higher, in the low fuel-* r a t i o  range, than those 
obtained  with a production-model canibristor of the s8me diameter; a t  high 
fuel-air   ratios  the  differences were small. Total-preseure  losses of 
the  best  prevaporizing caaibustor were somewhat greater  than  those of t he  
reference production-model combustor. LaT-altitude performance of  the 
experimental  conbustor was not investigated;  thus, Uttle is known re- 
garding its &abil i ty  o r  carbon-Beposition characterist ics.  
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Improvement i n   t h e  combustion efficiency of turbojet-engine combus- 
to r s  a t  low pressures and high air-flow rates is the  objective of a re- 
search program being conducted at the NACA Lewis laboratory. As a part 
of this research, a number of design  principles  relating  to the fuel-air 
environment of the primary combustion zone  have been investigated. The 
object of the investigation  reported  herein w a s  t o  evaluate the merits 
of a combustor design that  provides  for  prevaporizing and  premixing of 
the  fuel  with air before i ts  introduction  into  the combustion zone. 

Design c r i t e r i a   f o r  optimum combustion efficiency performance  can 
be  established  through  investigations of the various factors  controlling 
the fuel-air environment of the conibustion zone. Thus, the optimum  man- 
ner of  introducing  primary air into the conibustion zone has been studied 
extensively (e.g., ref. 1). Improvements i n  liquid-fuel distribution, 
such as though fuel staging, have increased conibustion efficiencies of 
both  tubulaz and annular combustors (refs. 2 and 3), especially a t  high 
fuel-air ra t ios  and  high  air-flow rates. In  addition,  prevaporization 
of the fuel (ref. 1) and control of %he  primary fuel-air rat io ,  as w e l l  
as conibinations of the two (ref. 4 ) ,  have improved combuskor performance. 4 

b 

In the  present  investigation, a combustor w a s  developed that u t i -  
l i ze s  a prevaporization  technique somewhat similar t o  that used i n  refer- 
ence 4. L i q u i d  fuel is injected  into the primary-air stream ahead of the 
dome of the combustor l iner.  The resultant  mixture  then impinges on the 
upstream surface of the conibustor dome w h i c h  is exposed t o  flame on the 
downstream side. Independent control of primary-  and  secondary-air flows 
is not  incorporated  into  this design;  proportioning of  the a i r  depends 
upon the passage areas. 

Forty-three  different  design  modifications w e r e  investigated. How- 
ever,  since  most.of  the  individual changes affected  the performance of 
the combustor only  slightly, three modifications, each representing major 
design features, were selected  for  presentation  in t h i s  report. The in- 
vestigation was conducted i n  a direct-connect duct w i t h  a 7-inch-diameter 
tubular combustor; MIL-F-5624A, grade Jp-4, fuel was used. Combustor 
inlet-air conditions  simulating  reduced thrott le  operation of a 5.2" 
pressure-ratio engine a t  a f l i gh t  Mach number of 0.6 and at al t i tudes of 
56,000 and 70,000 feet-were  investigated. ." 

Performance factors  investigated were combustion efficiency, oper- 
ating range,  and conibustor pressure  losses. A comparison is  made between 
the performance of the best conf'iguration  operating  with  liquid and with 
gaseous fuels (propane) i n  order to  indicate  the  ef'fectivenese of the  
prevaporizor.  In  addition,  the performance of the best modification is  
compared with that 0f.a production-model tubular couibustor (ref. 5) of. 
equivalent  size. 

r( 
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L APPARATUS 

Test  Installation 
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The  combustor  test faciuty is  shown  schematically  in  figure 1. 
Combustor-inlet  and  -outlet  ducts  were  connected  to  the  laboratory  air- 
supply  and  low-pressure-exhaust  facilities,  respectively.  Air-flaw 
rates  and  conibustor  pressures  were  regulated  by  remotely  controlled 
valves  located  upstream  and  downstream of the  combustor.  The  combustor- 
inlet  air  was  preheated  to  the  desired  temperature by electric  air 
heaters. 

Instrumentation 

Air  flows were metered  by  concentric-hole,  sharp-edged  orifices  in- 
stalled  according  to A.S.M.E. specifications.  Liquid  and  gaseous  Fuel 
f la re  were  measured by cUbrated rotameters and calibrated  sharp-edged 
orifices,  respectively. The location  and  arrangement of the  inlet-air 
and  exhaust-gas  instrumentation  planes  are  shown  in  figure 1. Inlet- 
air  and  exhaust-gas  total  pressures w e r e  determined by two  six-point 
total-pressure  rakes  at  stations A-A and D-D (fig. I), respectively. 
Inlet-air  and  exhaust-gas  total  temperatures  were  measured by two bare- 
wire,  single-junction  iron-constantan  thermocouples  at  station B-B and 
by eight  single-shielded,  two-point chmmel-dunel thermocouple rakes 
at  station C-C, respectively.  The  exhaust-gas  thermocouples were con- 
nected in a parallel  Circuit; by means of a suitable  snftching  arrange- 
ment,  either  individual  measurements  or an average  measurement of the 16 
thermocouples could be obtained. 

Conibustors 

The  investigation w a s  conducted  with  tubular  combustors  with 7.0- 
inch-diameter outer shells  and  5”-inch-diameter  inner liners. Sketches 
of  three  combustor  configurations used axe shown  in  figure 2. The com- 
bustor  liner  was 20 inches long, and the  distance from the  apex of the 
dome  or  flame  holder to the  plane of the  exhaust-gas  thermocouples w a s  
28 inches.  The  fuel  injector  was  located  inches  upstream of the 
apex of the dome. 

5 
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The  primary or combustion  air  for  the  experimental  combustors 
flared  through a 3-inch-tilameter pi-; fuel  was  sprayed  into  this a i r  
stream from a 15.3-gallon-per-hour  hollow-cone  spray nozzle in E down- 
stream  direction  (fig. 2). The  resultant mixture of fuel and air im- 
pinged on the  cone-sha$ed  dome  or  flame  holder  at  the  upstream  end of 
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the combustor and then  entered  the combustion chamber through  an  annular 
passage between the   l iner  aad the dome. A spark plug ignited  the mix- 
ture  (fig. 2) .  Secondary or dilution air  entered  the combustor through 
four 3"by Linch-wide  rectangular slots  located at the downstream end 

of the  combustor. 

1 
2 

Design variables that  were investigated related primarily t o  the 
way i n  which the fuel-air mixture was introduced  into  the combustion 
zone.  They included (1) size of annulus between dome and l iner ,  (2) 
shape of dome, (3) shape and number o f e v e r s i n g  scoops  used t o   d i r e c y  
a  portion of the mixture into the sheltered  region  behind  the flame 
holder, (4) length and location of truncated-cone baffle used to   d i rec t  
the m i x t u r e  toward the  center of the  combustor, and (5) location and 
size of combustion-air entry  holes. A t o t a l  of 43 design  modifications 
were tested during  the  investigation. The conibustor configurations 
shown i n  figure 2 were selected  for  discussion  in  this  report, because 
they  represented  the major design  features  investigated;  they  include 
the best configuration  developed in  the  investigation. The distinctive 
features of these  configurations are as follows: 

Configuration I. - T h i s  conibustor (fig. 2(a)) u t i l i zed  complete 
separation of primary  and dilution air; thus, all the  combustion air was 
premixed with  the fuel. 

Configuratfon 11. - In t h i s  combustor (fig. 2(b))  24 holes of 5/8- 
inch  diameter were d r i l l e d i n  the l ine r   i n  order t o  provide a gradual 
admission of  additional conibustion air. A t  the  same t i m e ,  the minimum 
diameter of the truncated-cone baffle was increased, and the damstream 
l i p s  of the  reversing scoops of configuration I were cut off to   d i rec t  
the d el-air mixture  may from the dome and thus  to  prevent  excessive 
cooling of the dome surface by the unburned mixture. 

Configuration 111. - In this combustor (fig.  2(c))  the reversing 
scoops  and  truncated-cone baff le  w e r e  replaced by a swirl generator i n  
an e f for t  t o  increase  the mixing act ion  in . the wake of the  dome. The 
number  am3 location  ofthe  air-entry  holes were  the s8me as i n  configu- 
ration 11. A cutaway view of configuration I11 is shown in figure 3. 

Fuel 

The l iquid fuel used i n  this investigation was Mu;-F-5624A, grade 
JT-4. Physical  properties of the fuel are presented i n  table I. The 
gaseous fuel was commercial propane. . 
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Combustion efflciency,  total-pressure loss, and temperature a f s t r i -  
bution data were obtained  with  the three eqerimental  cambustors  over a 
range of  fue l -a i r   ra t ios   a t  each of the  following t e s t  conditions: 

Condi- 
t ion 

A 
B 
C 
D 

Couibustor- 
i n l e t  t o t a l  

C d u s t o r -  

OF in. Hg abs 
temgerature, pressure, 
i n l e t  t o t a l  

2.78 
1.49 
2.14 
3.62 

SLmlated flight 
al t i tude  at 85- 
percent  rated 
engine speed, 

f t  

56,000 
70,000 
56,000 
56,000 

aBased on maxirmM cross-sectional  area of conibustor homing 
(0.267 sq ft) . 

These conditions simulate inlet-& conditions  encountered i n  a 
# 5.2-pressure-ratio  turbojet engine operating a t  =-percent rated speed 

a t  a flight Mach rnrniber of 0.6 at the  a l t i tudes  l is ted.  Mr-flaw ra tes  
a t  conditions A and B are representative of current  turbojet  engines, 
while  those a t  conditions C and D are approximately 23 percent less and 
30 percent greater than  those  used i n  current  engines,  respectively. 

Conibustion efficiency w-as computed as t he  r a t i o  of actual enthalpy 
rise  across  the combustor to  the  enthalpy  suppliedby the fuel, accord- 
ing t o  the method described in reference 6. 

Combustor reference  velocities w e r e  computed f r o m  the a i r  mass-flow 
rates,  the  combustor-inlet  density, and the maximum cmibustor cross- 
sectional area. The total-pressure loss is exgressed as the dimension- 
less r a t i o  AP/qr, where AP is the  combustor total-pressure dmp and 
q, is the  reference  velocity  pressure  based on the  velocity and density 
of  the combustor-inlet air a t  the reference plane. 

The radial  temperature distribution at the combustor outlet was 
determined at a l l  test conditions  for two values of  conibustor temgera- 
ture rise (680' and 1180° F).  In addftion, combustor lean &nd rich 
blow-out limits were recorded whenever they were encountered within the  
range of fuel-air  ratios investigated. 
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RFSJLTS AND DISCUSSIOM 

Combustor  Development 

The obdect of the investigation reported herein was to-evaluate  the 
merits of a combustor design  principle that provides f o r  prevaporizing 
and  premixipg of the fuel with a part  of the air before i ts  introduction 
into the combustion zone. In order t o  develop a conibustor tkt gives 
high combustion efficiencies, 43 different  modifications were investi- 
gated, most of which were aimed at increasing (1) the rate o f  fuel 
vaporization by  promoting higher  temperatures on the  vaporizing  surfaces 
and (2) the rate of' miking of fuel and air with a minimum loss i n  pres- 
sure. Since most-"the individual changes affected  the performance of 
the  conibustor only  slightly, three configurations  representing signifi- 
cant  design changes w e r e  selected  for  presentation  in t h i s  report. Per- 
formance data for these three configurations  are  presented i n  table-11. 

Configuration I. - In configuration I ( f ig .  Z ( a ) )  all the primary 
a i r  w a s  introduced  with  the  fuel. The quantity of air introduced i n  
t h i s  way w a s  approximately 25 percent of t h e   t o t a l  air flow to   the  com- 
bustor, based on relative  areas,  but was not cantrolled independen-t;ly. 
Combustion efficiencies  obtained  with  this  configuration a t  the  four 
inlet-air conditions are shown i n  figure 4. In general, combustion ef- 
ficiency varied between approximately 70 and 90 percent at confitions 
A, C, and D (56,000 feet a l t i tude)  and  between  approximately 54 and 67 
percent a t  condition B (70,000 feet   a l t i tude) .  The performance of this 
combustor was very limited at low fuel-air ratios.  A t  conditions A, C, 
and D, conibustor blow-out or  rapidly  decreasing  efficiencies  occurred 
at fuel-air   ra t ios   s l ight ly  less than 0.01. At condition By conibustor 
blow-aut  occurred a t  a fuel-air   ra t io   s l ight ly  less than 0.016. 

These results  indicate  that  the primary-zone fuel-air r a t i o  was too 
lean  for optimum performance  because of either insufficient  fuel vapor- 
ization  or  excessive Bslounts of  primary air. The temperature of the up- 
stream face  of  the dome, as indicated by an iron-constantan thermocouple 
welded t o  t h e  dome, w a s  quite low, generally less than  the combustor- 
inlet temperature. This was an  indication  that  the dome was not  very 
effective i n  vaporizing the liquid fuel impinging on it. Although  en- 
richment  of the primary zone by reducing the ainount of primary air in- 
troduced w o u l d  be  expected t o  improve the lean-end  performance of t h i s  
conibustor, figure 4 shows that at high fuel-air ratios  conibustion.effi- 
ciencies  decreased,  indicating that a reduction in  primary air  would 
seriously reduce combustion efficTencies i n  this region.  Furthermore, 
since at high fuel-air ratios  surging combustion and burning at the 
secondary-air s lo t s  was encountered w i t h  this configuration, further 
reduction i n  primary a i r   d i d n o t  seem warranted. 

. 
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L Configuration 11, - In configuration II a ser ies  of  holes w&s add- 
ed t o  the  l iner   ( f ig .   2(b))   to  provide a more gradual  admission of pr i -  
mary a i r .  The downstream l i p s  of the reversing scoops w e r e  cut off, 
which allowed the gases to be dlrected away f r o m  the &me. In a W t i o n ,  
the truncated-cone baf f le  was shortened somewhat i n  order t o  reduce the 
constricting  effect  of the baf f le  and thus t o  induce more reverse flow 
into  the primary zone. Because a mniber of intermediate changes i n   t h e  
shace  and surface  details  of  the dome, designed t o  increase  the  heat- 
transfer rate through the dome, produced no noticeable  hprovement i n  
combustor performance, the dome of configuration I was retained  for 
configuration 11. 

P 
a, 

Combustion efficiencies  obtained  with  configuration I1 (fig. 5) 
were generally  higher  than  those  obtained  with  configuration I, eng 
between approximately 82 and 90 percent a t  condltions A, C, and D. Also,  
at these  cosditions  the range of  operable fuel-sir r a t i o s  was extended 
appreciably  in  the  lean  region. A t  condition E, combustion efficiency 
decreased from approximately 93 t o  72 percent as fuel-air r a t i o  was in- 
creased from 0.012 t o  0.026, indicating some over-enrichment of the fuel- 
air mixture i n   t h e  primary zone a t  this condition. 

Combustion was generally  stable, and no surging was encountered. 
Furthermore, dome surface  temperatures were appreciably higher with t h i s  
combustor than Kith configuration I, indicating that the modifications 
of the  reversing scoops were effect ive  in  reducing the  scrubbing  action 
on the downstream surface of the dome. 

Configuration 111. - Further moafficatione were made on configura- 
t ion I1 i n  an effort to  increase the over-al l  l e v e l  of combustion effi- 
ciencies  obtainable.  Configuration 111 incorporated a swirl generator 
a t   t he  upstream  end of t he  combustor (fig. 2(c)) .  This swirl generator, 
which replaced  the  truncated-cone  baffle and the reversing scoops, was 
expected to  increase  the rate of mixing and the  intensi ty  of reverse 
flow in   the  primary-combustion zone. The results  obtained w i t h  this 
combustor a re  shown in  f igure 6. Combustion efficiencies were s l igh t ly  
higher  than  those  obtained with configuration 11, maxirmrm efficiencies 
sl ightly  greater  than 90 percent  being  obtained a t  all coddlti.ons. Dome 
surface  temperatures were somewhat higher  than with configuration 11, a 
fact  which may have contributed to the somewhat better performance of 
configuration III. In general,  modification I11 performed satisfacto- 
r i ly;  no rough combustion was observed h e r  the  ent i re  range  of condi- 
t ions covered. 

Comparison of Liquid and Gaseous Fuel 

It had been  observed that dome surface  temperature  generally de- 
creased w i t h  increasing Azel f low,  f r o m  values as high as 800° F at law 



8 NACA RM E54ILO 

f'uel-air  ratios  to  values less than  inlet-air  temperature at high  fuel- 
air ra t ios .  These data indicate that, at  high fuel-air ra t ios ,  the fuel 
was not completely  vaporized a t  the dome surface. In order t o  determine 
the  effectiveness of the  prevaporiser, the performance of configuration 
111 was determined wi th  gaseous  propane as w e l l  as with liquid Jp-4 fuel. 

Comparison of thsperformance of configuration I11 w i t h  l iquid and 
with gaseous fuel (fig.  7 )  shows that, i n  general, combustion ef'ficien- 
cies  obtained w i t h  propane were no higher than  those  obtained with l iq- 
uid fuel. These results indicate  either that the fuel was completely 
prevaporized and other  factors were Umiting  the maximum performance of 
t h i s  combustor o r  that complete prevaporization of  the fuel was-not es- 
sential .  The fact   that ,   with  l iquid fuel dome surface temperatures de- 
creased  with  increasing  fuel-air  ratio while with propane they remained 
fairly  constant may be  taken es an indication that prevaporization of 
the fue l  w a s  not complete at a l l  fuel-air  ratLos. 

Combustor Total-Pressure Losses 

Combustor total-pressure  losses of configuration I11 are presented 
in   f igure 8, where the r a t i o  of total-pressure drop to  the  reference 
dynamic pressure AP/qr is plotted  against  combustor-inlet to   -out le t  
gas-density  ratio.  Pressure drop r a t i o  AP/qr increased from a value 
of  approximately 1 7  at isothermal  conditions t 0 . a  value of 23  a t  a den- 
s i t y   r a t i o  of 3.2 for  conditions A, C, and D. A t  the low-pressure con- 
dit ion B, the  pressure drop was somewhat higher, as has  been  observed 
previously  (e.g., ref. 1). For comparison, t he  i so the l~ la l  AP/a, values 
for  configurations I and I1 were 17.6 and 15.2, respectively. The dashed 
l i n e   i n  figure 8 represents the pressure drop of a tubular  production- 
model combustor of the same diameter. The total-pressure losses of the 
production-model clonibustor are somewhat-lower than  those  of conf'iguration 
rrr. 

Conibustor-Outlet Temperature Distribution 

Combustor-outlettemperature  profiles were recorded a t  two values 
of temperature rise (680' and 1180° F) wherever possible. The secondary 
combustion zone was provided w i t h  large rectangular  slots  (ffg. 2)  for  
the purpose  of  obtaining a uniform  temperature profile.  As a result ,  
individual  combustor-outlet  temperatures were generally  within &0Oo F 
of  the mean temperature. No ef for t  waa made t o  improve further temper- 
ature distribution, even though i n  some cases,  probably  became  of mis- L 

alinement of parts, LndLvidual temperatures var ied  by more than 2OO0 F 
from the mean. - 
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r' Evaluation of Experimental  Prevaporizing Combustors 

The combustion efficiencies  obtained with configurations I to 111 
are  presented i n  figures 4 t o  6, whiCh.indlcate that configuration I11 
produced the  highest conibustion efficiencies of all the models selected. 
M a x i m u m  combustion efficiencies  slightly  greater  than 90 percent were 
obtained at a l l   t e s t  conditions. In figure 9, combustion efficiencies 
obtained  with  configuration 111 are compared w i t h  those of a tubular 
production-model conibustor (ref. 5) of the  same diameter. A t  the  low 

tion  efficiencies  than  the production-model combustor. A t  high  fuel- 
air ratios,   the perfarmance of the two conibustors was about the same. 
However, it should be noted that t h e   p r o h c t i o n a o d e l   c d u s t o r  w&s de- 

r" f'uel-air  ratios,  configuration I11 produced considerably  higher cambus- 

N signed on the basis of other factors not  considered in  the  present  in- 
& vestigation, such ES low-altitude  operation,  starting,  durability, &nd u carbon-deposition characterist ics.  Furthermore, previous  experiments 

have shown that similar improvement in the low fuel-air-ratio range  per- 
formance of the production-model combustor can be obtained by relat ively 
simple  modifications, such as ins ta l la t ion  of fue l  dams t o  prevent fuel 
wash along the   l iner  walls (ref. 5). Thus, the &shed l i n e  i n  figure 9 
shows combustion efficiencies  obtained  with  the  reference  production- 
model combustor equipped with  fuel dams (data f r o m  ref.  5). There is 
very l i t t l e   m e r e n c e  between the performance of  the modified  production- 
model combustor and that of the experimental  prevaporizing combustor des- 
cribed  herein. 

In reference 4 an experimental combustor w&s developed with  design 
objectives similar t o  those  described  herein. sh the co~&ustor of rel- 
erence 4, the  major portion of the fue l  was prevaporized on the external 
surfaces of the primary-combustion zone and premixed w i t h  air  before 
entering  the primary zone. The remainder of the  f'uelwas  injected, as 
a l iquid spray, d i rec t ly  into the  canibustion zone f o r  s tas t ing and pi lo t -  
ing purposes. In generd, conibustion efficiencies of the  best  configu- 
ra t ion from reference 4 were s l igh t ly  higher than  those of conffguration 
111. The s l igh t  improvement i n  performance might be a t t r i bu ted   t o   t he  
larger  dlameter of the  combustor of reference 4. It has been  observed 
(ref.  1 )  that increases  in  the  hydraulic  radius of combustors tend   to  
increase their combustion efficiencies. 

Thus, the results obtained i n  this investigation  Indicate that fue l  
preva9ori.zation and premixing  can be  uti l ized t o  produce high conibustion 
efficiencfes, but that, i f  high performance over a w i d e  range of f'uel- 
air ra t ios  is desired, gradual admission of conibustion air rather than 
comglete  premixing  appears t o  be preferable. Furthermore, the results 
obtained  here  and in  other  investigations  (e-g., ref. 1) indicate that 
other desfgn factors, such as combustor size, limit maximum combustor 
performance. 
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CONCLUDING REplARKs 

In an investigation  designed  to  evaluate  the  merits of a combustor 
design  principle  that  provides  for  prevaporizing  and  premixing of the 
fuel  with  air  before  its  introduction  into  the  codmation  zone,  an ex- 
perimental  prewporizing  combustor  was  developed  which  produced  maximum 
combustion  efficiencies  slightly  greater  than  90  percent  at allkest 
conditions.  Although  the  performance of this  conibustor  was  appreciably 
better  at low fuel-air  ratios  than  that  of a production-model  combustor 
of  the  same  size,  experience has sham tht similar improvements  in  the 
performance of the  production-model  combustor can be obtained by other, 
simpler  means.  Furthermore,  since  the  experimental  combustor  was  de- 
signed  for  high-altitude  operation only, design  changes  would  probably 
be  necessary in order.  to  provide  satisfactory  operation  over  the entke 
range  of  flight  conditions normally encuunked. 
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TBIX r. - FUEL ANALYSIS 

Fuel properties 
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Fuel in I 

cane baffle 
(a) Configuration I, featuring  complete separation of primary 
and  dilution  air. 

24 Secondary-air 

(b) Cdigurstion II, featuring changes in  reversing scoops 
and baffle  plate and addition of secondary-air holes. 

(c) Coeiguration In, featuring swirl generator. 

Figure 2. - Sketches of experfmental prevaporizing  combustors. 
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Flgure 3. - Cutamy view of configuration 111. 
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(c) Condition C. Air-flow ra te ,  2.14 pounds per second pr  squ~are foot; inlet-air total pressure, 

Fue1-Ei.X r a t i o  

(a) Condition D. Air-flaw rate, 3.62 par eecond per square foot; inlet-dr t o t a l  pressure, 
15 inches of mrcury abeo1ut.e. 

Figure 4. - Concluded. Combusflon effidemy of experirmental ccrnbustor confi8uratlon X. Inlet- 
aFr fanprature, 26@ F) fuel, KCL-F-5624.4, wade JP-4. 
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(d) Condition D. Air-flaw rate, 3.62 paunde per eecond per square foot; inlet-air totd pressure, 
l.5 inches of mercury abeolute. 

Figure 5. - conclude& Cambustion efficiency of experimntal ccmbusbr configuration 11. Inlet- 
alr temperature, 268' B; fuel, hEL-F-5624AI grade Jp-4. 
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a m ,  15 inches of  mercury absolute. 

." 
,006 , 0 0 8  .om ,012 .014 .016 .018 .020 . oee .024 .026 

. Fuel-air ratio 

(b) C o d t i o n  B. ur-flav rate, 1.49 pounu per  second per square foot; lht-& tot& pres- 
awe, 8 inches of mercury absolute. 

piigure 6. - Combustion efficiency of eXp&DEntal cmbu6tor configuration 111. Idlet-air m- 
peTafure, 2W FJ fuel, bEL-F-5624AI JP-4. 
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(a) Condition D. Air-flaw rate, 3.62 p0und.a per second per square foot; inlet-air total. 
pressure, I5 inches of mrcury absolute. 

Figure 6. - ConcluBed. Ccmbustian efliclency of experimental combustor configura- 
t ion III. Inlet-& temperature, 268' Fj fuel, MIL-F-562411, grade JP-4. 
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